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NATIONAL FOREWORD 



This Indian Standard [P : 44] (Third Revision) which is identical with ISO 3839 : 1996 'Petroleum 
products — Determination of bromine number of distillates and aliphatic olefins — Electrometric 
method' issued by the International Organization for Standardization (ISO) was adopted by the Bureau 
of Indian Standards on the recommendation of the Methods of Measurement and Test for Petroleum, 
Petroleum Products and Lubricants Sectional Committee and approval of the Petroleum, Coal and 
Related Products Division Council. 



This standard was first revised in 1 968 and subsequently revised in 1 983. The Committee has decided 
to revise this standard to completely align it with ISO 3839 : 1 996 and publish under dual numbering 
system. Consequently the title of the standard has been modified. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention 
is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be 
read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice 
is to use a point (.) as the decimal marker. 



In this adopted standard, reference appears to certain International Standards for which Indian 
Standards also exist. The corresponding Indian Standards which are to be substituted in their respective 
places are listed below along with their degree of equivalence for the editions indicated: 



International Standard 

ISO 3405 : 1988^) Petroleum products 
— Determination of distillation 
characteristics 

ISO 3696 : 1 987 Water for analytical 
laboratory use — Specification and 
test methods 



Corresponding Indian Standard 

IS 1448 [P : 18] : 1991 Methods of 
test for petroleum and its products 
[Part 18] : Distillation of petroleum 
products (second revision) 

IS 1 070 : 1 992 Reagent grade water 
— Specification (third revision) 



Degree of Equivalence 
Technically Equivalent 



do 



For tropical countries like India, the standard temperature and the relative humidity shall be taken as 
27 ± 2°C and 65 ± 5 percent, respectively. 

In reporting the result of a test or analysis made in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1 960 'Rules for 
rounding off numerical values (revised)'. 



Since revised in 201 1 . 



IS 1448 [P: 44]: 2013 
ISO 3839 : 1996 

Indian Standard 

METHODS OF TEST FOR 
PETROLEUM AND ITS PRODUCTS 

[P : 44] 

DETERMINATION OF BROMINE NUMBER OF DISTILLATES AND 
ALIPHATIC OLEFINS — ELECTROMETRIC METHOD 

( Third Revision ) 



WARNING — The use of this International Standard may involve hazardous materials, operations and 
equipment. This standard does not purport to address all of the safety problems associated with its use. It 
is the responsibility of the user of this standard to establish appropriate safety and health practices and 
determine the applicability of regulatory limitations prior to use. 



1 Scope 

This International Standard specifies a nnethod for the deternnination of the bronnine nunnber of the following 
materials: 

a) petroleunn distillates that are substantially free of nnaterial lighter than 2-nnethylpropane, and that have 
90 %(yAO (i.e. volunne fraction 90 %) distillation recovery temperatures under 327 °C. The method is generally 
applicable to gasolines (including leaded, unleaded and oxygenated fuels), kerosines and distillates in the gas 
oil range that fall within the following limits: 

90 %(V/y) recovery distillation Bromine number, max. 

temperature (ISO 3405) (see note 1 ) 

Under 205 °C 175 

205 °Cto 327 °C 10 

b) commercial olefins that are essentially mixtures of aliphatic monoolefins and that fall within the range of 95 to 
165 bromine number (see note 1). 

The method has been found suitable for such materials as commercial propene trimer and tetramer, butene dimer, 
and mixed nonenes, octenes and heptenes. The method is not suitable for normal alpha-olefins. 

NOTES 

1 These limits are imposed since the precision of the method has been determined only up to or within the range of these 
bromine numbers. 

2 The value of the bromine number is an indication of the quantity of bromine-reactive constituents, not an identification of 
constituents. Annex A and table A.I give information related to the use of this International Standard as a measure of olefinic 
unsaturation. 



2 Normative references 

The following standards contain provisions which, through reference in this text, constitute provisions of this 
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to 
revision, and parties to agreements based on this International Standard are encouraged to investigate the 
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possibility of applying the most recent editions of the standards indicated below. Members of I EC and ISO maintain 
registers of currently valid International Standards. 

ISO 3405:1988, Petroleum products — Determination of distillation characteristics. 
ISO 3696:1 987, Water for analytical laboratory use — Specification and test methods. 



3 Definition 

For the purposes of this International Standard, the following definition applies: 

3.1 bromine number: Mass, in grams, of bromine which will combine with 100g of the sample under 
standardized conditions. 

4 Principle 

A known mass of the test portion dissolved in a specified solvent maintained at °C to 5 °C is titrated with 
standard volumetric bromide/bromate solution. The end-point is indicated by a sudden change in potential on an 
electrometric end-point titration apparatus due to the presence of free bromine. 



5 Reagents and materials 

During the analysis, use only reagents of recognized analytical grade, and water equivalent to grade 3 of ISO 3696. 

5.1 1,1,1-Trichloroethane {CH3CCI3) 

CAUTION — 1,1,1 -trichloroethane is hazardous to the environment. A substitute is under active 
investigation. 

5.2 Methanol (CH3OH). 

5.3 Potassium iodide solution, 1 50 g/l. 

Dissolve 1 50 g of potassium iodide (Kl) in water and dilute to 1 I. 

5.4 Sulfuric acid, dilute solution (1 :5). 

Carefully mix 1 volume of concentrated sulfuric acid [H2SO4, 98 %(m/m) (i.e. mass fraction 98 %) min.] with 
5 volumes of water. 

5.5 Titration solvent. 

Prepare 1 I of titration solvent by mixing the following volumes of materials: 714 ml of acetic acid (5.9), 134 ml of 
1,1,1-trichloroethane (5.1), 134 ml of methanol (5.2) and 18 ml of sulfuric acid solution (5.4). 

5.6 Bromide/bromate solution, [c(Br2) = 0,250 mol/l]. 

Dissolve 51,0 g± 0,1 g of potassium bromide (KBr) and 13,92 g± 0,01 g of potassium bromate (KBrOs), both dried 
at 105 °C for 30 min, in water and dilute to 1 I. 

NOTE — If the bromine numbers of the reference olefins specified in clause 7 and determined using this solution do not 
conform to the limits specified, or if there is some uncertainty as to the quality of primary reagents, it is recommended that the 
concentration (mol/l) be determined (and used in subsequent calculations) by standardizing the solution. The standardization 
procedure shall be carried out as follows: 

Place 50 ml of acetic acid (5.9) and 1 ml of concentrated hydrochloric acid (5.10) in a 500-ml iodine-number flask. Chill the 
solution in an ice bath for approximately 10 min, and with constant swirling of the contents of the flask, add from a 10-ml 
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calibrated burette, 5,00 ml ± 0,01 ml of bromide/bromate solution being standardized at the rate of 1 drop/s or 2 drops/s. 
Stopper the flask immediately, shake the contents, place it again in the ice bath, and add 5 ml of potassium iodide solution 
(5.3) in the lip of the stoppered flask. After 5 min, remove the flask from the ice bath and allow the potassium iodide solution 
to flow into the flask by slowly removing the stopper. Shake vigorously, add 100 ml of water in such a manner as to rinse the 
stopper, lip and walls of the flask, and titrate promptly with sodium thiosulfate solution (5.7). Near the end of the titration, add 
1 ml of starch solution (5.8) and titrate slowly to disappearance of the blue colour. Calculate the concentration 0^(8^2). 
expressed in moles per litre, of the bromide/bromate solution as follows: 

where 

Vq is the volume of sodium thiosulfate solution required for titration of the bromide/bromate solution, in millilitres; 
V-i is the volume of bromide/bromate solution, in millilitres (nominally 5,00); 
Co is the concentration of the sodium thiosulfate solution, in moles per litre; 
2 is the number of electrons transferred during redox titration of bromide/bromate. 
Repeat the standardization until two successive determinations do not differ from their mean value by more than 0,002 mol/l. 

5.7 Sodium thiosulfate solution, 0,1 nnol/L 

Dissolve 25,0 g± 0,1 g of sodium thiosulfate pentahydrate (Na2S203-5H20) in water and add 0,01 g of sodium 
carbonate (Na2C03) to stabilize the solution. Dilute to 1 I and mix thoroughly by shaking. Standardize by any 
accepted procedure that determines the concentration with an error not greater than ± 0,000 2 mol/l. Restandardize 
at intervals frequent enough to detect changes in concentration of ± 0,000 5 mol/l. 

5.8 Starch solution. 

Grind and mix thoroughly 5 g of starch and 5 mg to 10 mg of mercury(ll) iodide (Hgl2) with 3 ml to 5 ml of water. 
Add the suspension to 2 I boiling water and boil for 5 min to 10 min. Allow to cool and decant the clear, supernatant 
liquid into bottles having ground-glass stoppers. 

CAUTION — Mercury(ll) iodide is toxic. A substitute is under active investigation. 

5.9 Acetic acid, glacial, 99,0 %(m/m) (i.e. mass fraction 99,0 %) minimum purity. 

5.10 Hydrochloric acid, concentrated, 35,4 %(m/m) (i.e. mass fraction 35,4 %) HCI. 

5.11 Nitric acid, concentrated, 69,0 %(m/m) to 70,5 %(m/m) (i.e. mass fraction 69,0 % to 70,5 %). 



6 Apparatus 

6.1 Electrometric end-point titration apparatus. 

Use any apparatus designed to perform titrations to pre-set end points in conjunction with a high-resistance 
polarizing current supply capable of maintaining approximately 0,8 V across two platinum electrodes, and with a 
sensitivity such that a voltage change of approximately 50 mV at these electrodes is sufficient to indicate the end- 
point. 

NOTE — Other types of commercially available electronic titrimeters, including certain pH-meters, have also been found 
suitable. 

6.2 Titration vessel. 

A jacketed glass vessel approximately 120 mm high and 45 mm in internal diameter and of a form that can be 
conveniently maintained at °C to 5 °C. 
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6.3 Stirrer. 

Any magnetic stirrer systenn. 

6.4 Electrodes. 

A platinunn wire electrode pair with each wire approximately 12 mm long and 1 mm in diameter. The wires shall be 
located 5 mm apart and approximately 55 mm below the level of the titration solvent. Clean the electrode pair at 
regular intervals with nitric acid (5. 11) and rinse with water before use. 



6.5 Burette. 

Any delivery system capable of measuring titrant in 0,05 ml or smaller graduations. 



7 Check test 



If there are reservations in applying the procedure to actual test portions, check the reagents and techniques by 
means of determinations on freshly purified cyclohexene or diisobutene. Proceed in accordance with clause 8, 
using a test portion of 0,6 g to 1,0 g of either cyclohexene or diisobutene (see table 1), or 6 g to 10 g of a 
10 %(m/m) (i.e. mass fraction 10 %) solution of these materials in 1,1,1-trichloroethane (5.1). If the reagents and 
techniques are correct, values within the following ranges will be obtained: 

Standard Bromine number 

Cyclohexene, purified (see notes 1 , 2 and 3) 1 87 to 1 99 (see note 4) 

Cyclohexene, 1 % solution 1 8 to 20 

Diisobutene, purified (see notes 2 and 3) 136 to 144 (see note 4) 

Diisobutene 1 % solution 1 3 to 1 5 



NOTES 

1 Purified test sannples of cyclohexene and diisobutene may be prepared from cyclohexene concentrates with a boiling range 
of 81 °C to 83 °C and from diisobutene (1-pentene, 2,2,4-trimethyl isomer only) concentrates with a boiling range of 100 °C to 
102 °C, by the following procedure: 

Add 65 g of activated silica (75 jim to 150|im particle size, manufactured to ensure minimum olefin polymerization) to a 
column of approximately 16 mm inside diameter and 760 mm length, that has a stopcock at the lower end and that contains a 
small plug of glass wool immediately above the latter. A 100-ml burette, or any column providing a height-to-diameter ratio of 
the silica gel of at least 30:1, is suitable. Tap the column during addition of the gel to ensure uniform packing. 

To the column add 30 ml of the olefin to be purified. When the olefin disappears into the gel, fill the column with methanol 
(5.2). Discard the first 10 ml of percolate and collect the next 10 ml, which is the purified olefin ready for use in the procedure 
for determining bromine number. Determine and record the density and refractive index of the purified test samples at 20 °C. 
Discard the remaining percolate. 

2 If distillation of these olefins is required as a prepurification step, a few pellets of potassium hydroxide (KOH) should be 
placed in the distillation flask and distillation should not be continued beyond 90 %(V7V) (i.e. volume fraction 90 %) recover/ to 
minimize the hazards from decomposition of any peroxides that may be present. 

3 The reference olefins yielding the above results are characterized by the properties given in table 1 . 

4 The theoretical bromine numbers of cyclohexene and diisobutene are 194,5 and 142,4 respectively. 



Table 1 — Physical properties of purified olefins 



Compound 


Boiling point 


Density at 20 ''C 


Refractive index 




°C 


kg/m3 


"d 


Cyclohexene 


82,5 to 83,5 


810,0 


1 ,446 5 


Diisobutene 


101,0 to 102,5 


717,5± 1,5 


1,411 2 
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8 Procedure 

8.1 Place 10 ml of 1,1,1-trichloroethane (5.1) in a 50-ml volumetric flask and, by means of a pipette, introduce a 
quantity of sample as indicated in table 2. Obtain the mass of sample introduced either by taking the difference 
between the mass (to the nearest 1 mg) of the flask before and after addition of sample or, if the density is known 
accurately, by calculating the mass from the measured volume. Fill the flask to the mark with 1,1,1-trichloroethane 
and mix well. 



Table 2 — Recommended test portion mass 



Bromine number 


Test portion mass 

g 


to 10 


20 to 16 


Over 10 to 20 


10 to 8 


Over 20 to 50 


5 to 4 


Over 50 to 1 00 


2 to 1,5 


Over 1 00 to 1 50 


1,0 to 0,8 


Over 1 50 to 200 


0,8 to 0,6 



NOTES 

1 If the order of magnitude of the bromine number of a test portion is unknown, a trial test is recommended using a 2-g test 
portion in order to obtain the approximate magnitude of the bromine number, followed by another determination using the 
appropriate test portion mass as indicated in table 2. The mass of the test portion should also be such that the volume of 
bromide/bromate titrant used does not exceed 10 ml, and that no separation of the reaction mixture into two phases occurs 
during the titration. 

2 Difficulty may be experienced in dissolving test portions of the high-boiling range products in the titration solvent; this 
difficulty can be prevented by the addition of a small quantity of toluene. 

8.2 Cool the titration vessel (6.2) to between °C and 5 °C and maintain at this temperature throughout the 
titration. Switch on the titrimeter (6.1) and allow the electrical circuit to stabilize. 

8.3 Introduce 110 ml of titration solvent (5.5) into the vessel and pipette in a 5-ml aliquot of the sample solution 
(8.1) from the 50-ml volumetric flask. Switch on the stirrer (6.3) and adjust to a rapid stirring rate, but avoid any 
tendency for air bubbles to be drawn down into the solution. 

8.4 Set the end-point potential. With each instrument, follow the manufacturer's instructions for end-point setting 
and to achieve the sensitivity in the platinum electrode circuit specified in 6.1 . 

8.5 Depending on the titrator apparatus, add the bromide/bromate solution (5.6) manually or by microprocessor 
control in small increments from the burette (6.5). 

With commercial titrimeters, a sudden change in potential is indicated on the meter or recorder of the instrument 
as the end point is approached. The end-point of the titration has been reached when the change in potential 
persists for 30 s. 

8.6 Carry out a blank titration of each batch of titration solvent and reagents by repeating the entire procedure, 
using 5 ml of 1,1,1-trichloroethane in place of the sample aliquot. If more than 0,1 ml of bromide/bromate solution 
is required to reach the end-point, disregard the analysis, prepare fresh titration solvent and fresh reagents and 
repeat the analysis. 



9 Calculation 

Calculate the bromine number, Br No., as follows: 

(v. - Vn)c^ X 15,98 

Br No. = ^ ^ 

m 
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where 

Vi is the volume of bromide/bromate solution required for titration of the test solution aliquot, in millilitres; 

V2 is the volume of bromide/bromate solution required for titration of the blank, in millilitres; 

ct is the concentration of the bromide/bromate solution, expressed as moles bromine per litre of solution; 

15,98 is the factor for converting grams of bromine per 100 g of sample and incorporating molecular mass of 
bromine (as 8^2) and converting millilitres to litres; 

m is the mass of sample in the aliquot used, in grams. 



10 Expression of results 

Report the result, rounded to the nearest 0,1 for bromine numbers below 10,0, and to the nearest whole number 
for those above. 



1 1 Precision 

The precision of the method, as obtained by statistical examination of interlaboratory test results, is as follows. 

11.1 Repeatability, r 

The difference between two test results, obtained by the same operator with the same apparatus under constant 
operating conditions on identical test material would, in the normal and correct operation of the test method, 
exceed the following values only in one case in 20. 

Petroleum distillates: 

a) 90 %(V/V) distillation recovery under 205 °C 

r = 0,1l(x0'70) 

b) 90 %(V/V) distillation recovery 205 °C to 327 °C 

r = 0,1l(x0'67) 

where X is the average value of the samples being tested. 
Commercial olefins: 
r=3 

1 1 .2 Reproducibility, R 

The difference between two single and independent results obtained by different operators working in different 
laboratories on nominally identical test material would, in the normal and correct operation of the test method, 
exceed the following value only in one case in 20. 
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Petroleum distillates: 

a) 90 %(WV) distillation recovery under 205 °C 

/? = 0,72(x0'70) 

b) 90 %(VA/) distillation recovery 205 X to 327 °C 

R = 0,7S 

where X is the average value of the samples being tested. 
Commercial olefins: 
/?= 12*) 

12 Test report 

The test report shall contain at least the following information: 

a) a reference to this International Standard; 

b) the type and identification of the product tested; 

c) the result of the test (see clause 10); 

d) any deviation, by agreement or otherwise, from the procedure specified; 

e) the date of the test. 



*) Provisional value obtained fronn a limited annount of data. 
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Annex A 

(informative) 

Interpretation of bromine number and reported data 

Technically, the bromine number is the number of grams of bromine that will react with 100 g of the test portion 
under specified conditions. By this definition, bromine consumed by addition, substitution, oxidation and reactions 
with sulfur-, nitrogen-, and oxygen-containing compounds is included in the bromine number of the material. The 
use of the bromine number in the estimation of olefinic unsaturation rests on the fact that the addition reaction 
proceeds rapidly and completely under most conditions. The addition of bromine proceeds readily at temperatures 
down to or below °C. Decreasing reaction temperature, time of contact, and concentration of free bromine tend 
to retard both substitution and oxidation reactions. Other factors, such as solvent medium, extent of agitation and 
exposure to actinic light, also influence the rate of the various reactions. 

Experience has shown that no single set of test conditions will direct the reaction of bromine in one manner to the 
exclusion of the others. For this reason, the conditions for bromine number determinations are usually established 
on an empirical basis to give reasonable values with representative materials. 

The possibility of multiple reactions occurring concurrently and the variable behaviour of certain materials in the 
presence of bromine impose an element of uncertainty in the interpretation of results. A knowledge of the material 
being handled and of its response to bromine greatly reduces the risk of misinterpretation. 

Bromine number data have been obtained on a large number of petroleum hydrocarbons and certain 
nonhydrocarbons associated with petroleum using the electrometric procedure. These data, which were submitted 
by cooperators, are presented in table A.1 . 

This information is given in order to serve as a general guide in the interpretation of bromine numbers on petroleum 
products. It is recognized that the bromine number data recorded in this table are of limited value owing to 
incompleteness; however, it is considered that their usefulness will be amplified as more bromine number data 
obtained by the method specified in this International Standard are contributed by cooperators. Such additional data 
should be submitted to the ISO/TC 28 Secretariat, from whom further information regarding experimental 
conditions can also be obtained. 
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Table A.I — Reported bromine numbers as determined by the electrometric method 



Compound 


Purity 




Bromine number 


% 


Theory 


Found 


Difference from theory 


Paraffins 


Hexane 


99,96 11) 


0,0 


0,0 


0,0 


2-methylhexane 


99,88 


0,0 


0,0 


0,0 


Heptane 


2) 


0,0 


0,1 


+ 0,1 


Octane 


99,94 


0,0 


0,0 


0,0 


2,2,4-trimethylpentane 


99,96 


0,0 


0,1 


+ 0,1 


Straight-chain olefins 


Pent-1-ene 


99,7 


228 


208 


-20 


trans-pent-2-ene 


99,91 


228 


235 


+ 7 


Hex-1-ene 


3) 


190 


181 


-9 


c/s-hex-2-ene 


99,80 


190 


189 


- 1 


frans-h ex-2-ene 


99,83 


190 


189 


- 1 


c/s-hex-3-ene 


99,87 


190 


193 


+ 3 


frans-hex-3-ene 


99,94 


190 


191 


+ 1 


Hept-1-ene 


99,8 


163 


136 


-27 


frans-hept-2-ene 


99,85 


163 


163 





frans-hept-3-ene 


99,80 


163 


163 





Oct-1-ene 


99,7 


142 


132 


- 10 


Oct-2-ene 


3) 


142 


139 


-3 


fraA7s-oct-4-ene 


99,84 


142 


149 


+ 7 


Dec-1-ene 


99,89 


114 


111 


-3 


Dodec-1-ene 


99,9 


95 


83 


- 12 


Tridec-1-ene 


99,8 


88 


81 


-7 


Tetradec-1-ene 


99,7 


81 


71 


- 10 


Pentadec-1-ene 


99,8 


76 


63 


- 13 


Hexadec-1-ene 


99,84 


71 


63 


-8 


Branched-chain olefins 


2-nnethylbut-1-ene 


99,90 


228 


232 


+ 4 


2-methylbut-2-ene 


99,94 


228 


235 


+ 7 


2,3-dimethylbut-1-ene 


99,86 


190 


194 


+ 4 


3,3-dinnethylbut-1-ene 


99,91 


190 


167 


-23 


2-ethylbut-1-ene 


99,90 


190 


198 


+ 8 


2,3-dinnethylbut-2-ene 


99,90 


190 


191 


+ 1 


2-methylpent-1-ene 


99,92 


190 


182 


-8 


3-methylpent-1-ene 


99,70 


190 


152 


-38 


4-nnethylpent-1 -ene 


99,82 


190 


176 


- 14 


2-methylpent-2-ene 


99,91 


190 


190 





3-nnethyl-c/s-pent-2-ene 


99,85 


190 


194 


+ 4 


3-nnethyl-frans-pent-2-ene 


99,86 


190 


191 


+ 1 


4-nnethyl-c/s-pent-2-ene 


99,92 


190 


190 





4-nnethyl-fraA7s-pent-2-ene 


99,75 


190 


190 





2,3,3-trimethylbut-1-ene 


99,94 


163 


161 


-2 


3-nnethyl-2-ethylbut-1 -ene 


99,8 


163 


165 


+ 2 


2,3-dinnethylpent-1 -ene 


99,80 


163 


159 


-4 


2,4-dinnethylpent-1 -ene 


99,87 


163 


153 


- 10 


2,3-dimethylpent-2-ene 


99,6 


163 


162 


- 1 


4,4-dimethyl-c/s-pent-2-ene 


99,79 


163 


159 


-4 


4,4-dinnethyl-frans-pent-2-ene 


99,91 


163 


158 


-5 


3-ethylpent-1-ene 


99,85 


163 


173 


+ 10 


3-ethylpent-2-ene 


99,80 


163 


165 


+ 2 
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Table A.I (continued) 



Compound 


Purity 1) 




Bromine number 


Theory 






% 


Found 


Difference from theory 


2-methylhex-1 -ene 


99,88 


163 


1 R1 

1 U 1 


9 


5-methylhex-1 -ene 


99,80 


163 


1 OH- 


Q 

— y 


3-methyl-c/s-hex-2-GnG 


99,8 


163 


1 R4 
1 \j'-t 


_L 1 

+ 1 


2-m et hy 1- fraDs-h ex-3-e n e 


99,9 


163 


1 

1 Dv3 


A 

u 


2-nnGthyl-3-Gthylpent-1 -ghg 


99,81 


142 


140 


_ 2 


2,4,4-trimGthylpGnt-1 -ghg 


99,91 


142 


137 


-5 


2,4,4-trimGthylpGnt-2-GnG 


99,92 


142 


141 


- 1 


DiisobutGHG 


4) 


142 


140 4) 


-2 


2-GthylhGx-1-GnG 


5) 


142 


140 


-2 


2,3-dimGthylhGX-2-GnG 


99,71 


142 


143 


+ 1 


2,5-dimGthylhGx-2-GnG 


99,8 


142 


143 


+ 1 


2 , 2-d i m Gt hy 1- f rans-h GX-3-G n G 


99,80 


142 


139 


-3 


TriisobutGnG 


99,0 


95 


58 


-37 


Non-conjugated cyclic diolefins 


4-GthGnyl-1 -cyclohGXGnG 










(4-vinyl-1 -cyclohGXGnG) 


99,90 


295 


210 6) 


(-85) 


DL-1 ,8(9)-p-nnGnthadiGnG (DipGntGnG) 


98-1 00 7) 


235 


225 


- 10 


Conjugated diolefins 


2-mGthylbuta-1 ,3-diGnG (IsoprGnG) 


99,96 


470 


236 


-234 


c/s-pGnta-1 ,3-diGnG 


99,92 


470 


285 


- 185 


trans-penXa-^ ,3-diGnG 


99,92 


470 


234 


-236 


2-nnGthylpGnta-1 ,3-diGnG 


95 + 8) 


389 


197 


- 192 


2,3-dinnGthylbuta-1 ,3-diGnG 


99,93 


389 


186 


-203 


Non-conjugated diolefins 


PGnta-1 ,2-diGnG 


99,66 


470 


230 


-240 


PGnta-1 ,4-diGnG 


99,93 


470 


185 


-285 


PGnta-2,3-diGnG 


99,85 


470 


227 


-243 


HGxa-1 ,5-diGnG 


99,89 


389 


352 


-37 


Aromatics with unsaturated side chains 


PhGnylGthGnG (StyrcnG) 


9) 


153 


124 


-29 


MGthylphGnylGthGnG (MGthylstyrGnG) 


9) 


135 


133 


-2 


AllylbenzGnG 


97,8 22) 


135 





- 135 


Cyclic olefins 


CyclopGntGnG 


99,97 


235 


237 


-f 2 


CyclohGXGnG 


99,98 


195 


193 


-2 


CyclohGXGnG 


4) 


195 


193 4) 


-2 


1 -nnGthylcyclopGntGnG 


99,86 


195 


209 


+ 14 


1 -nnGthylcyclohGXGnG 


99,82 


166 


162 


-4 


EthynylcyclopcntanG (VinylcyclopcntanG) 


99,91 


166 


164 


-2 


EthylidGnGcyclopGntanG 


99,96 


166 


168 


+ 2 


1 ,2-dinnGthylcyclohGXGnG 


99,94 


145 


151 


+ 6 


3-cyclopGntyl-1 -propanG 


99,87 


145 


141 


-4 


EthylidGnGcyclohGxanG 


99,86 


145 


147 


+ 2 


EthynylcyclohGxanG (VinylcyclohGxanG) 


99,95 


145 


139 


-6 


1-GthylcyclohGXGnG 


99,83 


145 


147 


+ 2 


IndonG 


3) 


138 


134 


-4 



10 



IS 1448 [P:44] : 2013 
ISO 3839 : 1996 



Table A.I (continued) 



Compound 


Purity ^) 




Bromine number 


Theory 






% 


Found 


Difference from theory 


Aromatics, monocyclic 


Benzene 


99,98 


0,0 


0,1 


+ 0,1 


Toluene 


99,97 


0,0 


0,1 


+ 0,1 


oxylene 


99+15) 


0,0 


0,0 


0,0 


m-xylene 


99 +15) 


0,0 


0,0 


0,0 


p-xylene 


99+15) 


0,0 


0,0 


0,0 


Isopropylbenzene (Cumene) 


99,95 


0,0 


0,0 


0,0 


1 ,2,4-trinnethylbenzene (Pseudocumene) 


99,67 


0,0 


0,0 


0,0 


1 ,3,5-trinnethylbenzene (Mesitylene) 


10) 


0,0 


0,3 


+ 0,3 


1 ,3-dinnethyl-4-ethylbenzene 


99,9 


0,0 


0,0 


0,0 


1 ,2,4,5-tetramethylbenzene (Durene) 


99,86 


0,0 


0,1 


+ 0,1 


1 ,2,3,5-tetramethylbenzene (Isodurene) 


10) 


0,0 


0,3 


+ 0,3 


fe/t-butylbenzene 


99,73 


0,0 


0,0 


0,0 


ferf-annylbenzene 


3) 


0,0 


0,7 


+ 0,7 


Aromatics, bicycllc 


Phenylbenzene (Biphenyl) 


10) 


0,0 


0,0 


0,0 


Naphthalene 


99,96 


0,0 


0,0 


0,0 


1 ,2,3,4-tetrahydronaphthalene (Tetralin) 


99,9 


0,0 


0,2 


+ 0,2 


1 -nnethylnaphthalene 


99,78 


0,0 


0,0 


0,0 


2-nnethylnaphthalene 


99,91 


0,0 


0,0 


0,0 


2,3-dihydroindene (Indane) 


99,9 


0,0 


0,0 


0,0 


Cyclohexylbenzene 


99,93 


0,0 


0,0 


0,0 


Aromatics, polycyclic 


Anthracene 


10) 


0,0 


12 


+ 12 


Phenanthrene 


10) 


0,0 


3,9 


+ 3,9 


Cycloparaffins 


Methylcyclopentane 


99,99 11) 


0,0 


0,0 


0,0 


Methylcyclohexane 


99,97 


0,0 


0,0 


0,0 


Isopropylcyclopentane 


99,8 


0,0 


0,0 


0,0 


c/s-hexahydroindane (c/s-hydrindane) 


99,94 


0,0 


0,0 


0,0 


frans-hexahydroidane (frans-hydrindane) 


99,71 


0,0 


0,0 


0,0 


te/t-butylcyclohexane 


99,95 


0,0 


0,0 


0,0 


Cyclopentylcylopentane 


99,95 


0,0 


0,0 


0,0 


c/s-decahydronaphthalene (c/s-decalin) 


98 +8) 


0,0 


0,1 


+ 0,1 


frans-decahydronaphthalene 










(frans-decalin) 


98 +8) 


0,0 


1,6 


+ 1,6 


Sulfur compounds 


Ethanethiol (Ethyl nnercaptan) 


99,95 


0,0 


209 


+ 209 


3-thiapentane (Ethyl sulfide) 


99,94 


0,0 


184 


+ 184 


2,3-dithiabutane (Methyl disulfide) 


99,97 


0,0 


1,1 


+ 1,1 


Thiacyclobutane (Trinnethylene sulfide) 


99,95 


0,0 


214 


+ 214 


Thiophene 


99,99 


0,0 


0,4 


+ 0,4 


Thiacyclopentane (Tetrahydrothiophene) 


99,95 


0,0 


183 


+ 183 


3,4-dithiahexane (Diethyl disulfide) 


99,90 


0,0 


0,4 


+ 0,4 


2-nnethylpropan-2-thiol 










(ferf-butyl mercaptan) 


99,92 


0,0 


141 


+ 141 


Pentan-1 -thiol (Amyl nnercaptan) 


99,92 


0,0 


83 


+ 83 
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Table A.I (concluded) 



Compound 


Purity ^) 




Bromine number 




% 


Theory 


Found 


Difference from theory 


Nitrogen compounds 


Pyrrolidine 


99,85 


0,0 


12 




+ 12 


Pyridine 


16) 


0,0 


1,4 




+ 1,4 


2-nnethylpyridene 


99,90 


0,0 


0,9 




+ 0,9 


4-methylpyridine 


99 -hi2) 


0,0 


1,7 




+ 1,7 


2,4,6-trinnethylpyridine 


99 -h^2) 


0,0 


2,7 




+ 2,7 


2-(5-nonyl)pyridine 


13) 


0,0 


1,4 




+ 1,4 


Pyrrole 


99,99 


0,0 


873 




+ 873 


2-methylpyrrole 


98 +^7) 


0,0 


708 




+ 708 


2,4-dimethylpyrrole 


98 +17) 


0,0 


484 




+ 484 


2,5-dimethylpyrrole 


99,9 -hi4) 


0,0 


869 




+ 869 


2,4-dinnethyl-3-ethylpyrrole 


98 -^17) 


0,0 


248 




+ 248 


1-(1-butyl)pyrrole 


98 4-17) 


0,0 


472 




+ 472 


Oxygen compounds 


Acetone 


18) 


0,0 


0,0 




0,0 


Methyl ethyl ketone 


19 


0,0 


0,0 




0,0 


Miscellaneous 


Ethanolamine 


10) 


0,0 


1,5 




+ 1,5 


Ethylene dichloride 


10) 


0,0 


0,0 




0,0 


Ethylene dibromide 


10) 


0,0 


0,0 




0,0 


Tetraethyllead (TEL) 


20) 


(50) 23) 


53 




(+ 3) 


Tetramethyllead (TML) 


20) 


(60) 23) 


63 




(+ 3) 


1 ) API Standard test sannples, unless otherwise noted. 










2) Phillips pure grade product, distilled, heart-cut percolated through silica gel. 








3) Purity not stated. 












4) Average value obtained in September, 1957, Cooperative Programme on purified Eastman product. 






5) Dow Research Chemical. 












6) Approximate value. 












7) Hercules Inc., experimental sample. 












8) From Penn State University. 












9) Eastman white label product, distilled under 6,67 kPa (50 mmHg) pressure just prior to test. 






10) Eastman white label product. 












1 1 ) Phillips research grade product. 












1 2) Purity estimated by spectra and GLC. 












1 3) Test sample of best purity from Vigreaux distillation. 










14) Purity estimated from freezing point. 












1 5) Phillips pure grade product. 












1 6) Meets ACS specifications. 












1 7) Samples supplied by API project 52. 












18) B & A reagent chemical (Code No. 1 004). 












19) M C & B chemical (Code No. 2609). 












20) Ethyl Corporation products. 












21) Synthesized (278 °C boiling-point fraction). Purity determined by GC, impurities identified as diisobutenes 






22) M C & B chemical. Purity determined by GC, impurities not identified. 








23) Calculated values based on the reaction of one mole of bromine with the organometallic compound. 
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